Background: Previous studies have reported that the albumin-to-alkaline phosphatase ratio (AAPR), a novel blood biomarker-based index, is associated with clinical outcome in several cancers. However, data relating to lung cancer are rare. This study was performed to clarify the clinical significance of AAPR in patients with metastatic non-small-cell lung cancer (NSCLC). Methods: In total, 290 stage IV NSCLC patients were enrolled in this retrospective study. Associations between serum enzyme levels and clinical characteristics were analyzed using the Mann-Whitney U-test or chi-squared test. Kaplan-Meier survival analysis and Cox's proportional hazard regression model were adopted to assess the prognostic value of AAPR for overall survival (OS). Results: The optimal cut-off points for AAPR and lactate dehydrogenase (LDH) were 0.36 and 265.5 U/L, respectively. Patients with AAPR ≤0.36 had apparently longer survival than those with AAPR >0.36 (13 vs 7 months, P<0.001). Furthermore, AAPR was an independent predictor of OS in metastatic NSCLC in multivariate analysis (HR=0.657, 95% CI=0.504-0.856, P<0.01). The prognostic impact of LDH for survival of NSCLC populations was also validated in this study (HR=1.462, 95% CI=1.070-1.999, P<0.05). Conclusion: Elevated AAPR can be an independent favorable prognostic indicator in metastatic NSCLC.
Introduction
Lung cancer remains one of the most prevalent malignancies and the leading cause of cancer-related death worldwide. 1 Approximately 85% of primary lung cancers are non-small cell lung cancer (NSCLC), and more than half are metastatic NSCLC at the time of initial diagnosis, owing to a lack of typical symptoms in early disease. 2 Patients with metastatic NSCLC can be treated with chemotherapy, radiotherapy, or both. Thanks to advances in treatment, they can benefit from targeted therapy as well. 3 However, the prognosis for metastatic NSCLC is extremely poor, with a 5-year survival rate of 3.9%. 2 Although the TNM classification system has the most marked discriminatory capacity for survival of cancers, it has reached its limits in metastatic NSCLC patients. Therefore, finding novel and efficient biomarkers to help predict clinical outcomes and guide clinical decision-making for metastatic NSCLC is of great importance. Carcinogenesis and tumor progression always lead to abnormal serum enzyme synthesis, sometimes even before disease is clinically detectable. 4 These enzymes can serve as useful indicators for tumor detection and monitoring. Alkaline phosphatase (ALP) is a hydrolase enzyme which is responsible for removing phosphate groups. Elevated serum ALP levels can be seen in liver, kidney, and bone diseases. 5 ALP has been found to be associated with advanced cancer status. 6, 7 Lactate dehydrogenase (LDH) is another serum enzyme, which mainly participates in the conversion of pyruvate to lactate and is related to tumor metabolism. Numerous studies have found that LDH levels are elevated in various types of cancer, including NSCLC. [8] [9] [10] [11] Albumin (ALB), one of the most commonly used methods to assess nutritional status, usually shows no or only slight changes in the early stages of cancer. But as the disease progresses, malnutrition and inflammation lead to ALB synthesis being suppressed and degradation increasing, which result in ALB levels dropping significantly. 12 The decreased ALB in cancer patients can result in shorter survival and increased cancer-related mortality. 13, 14 Besides ALB alone, several ALB-based markers, such as the Glasgow Prognostic Score, 15, 16 Advanced Lung
Cancer Inflammation Index, 17 and Prognostic Nutritional Index, 18, 19 have also been shown to correlate with survival in various cancers.
In the present study, we merge the parameters ALB and ALP to form a novel index called the albumin-to-alkaline phosphatase ratio (AAPR). The AAPR has been revealed as a prognostic indicator for hepatocellular carcinoma 20 and nasopharyngeal carcinoma. 21 However, whether AAPR can predict survival in NSCLC patients has not yet been investigated. Thus, we performed this singlecenter retrospective study to explore for the first time the prognostic impact of AAPR and its relationship with clinical characteristics in patients with metastatic NSCLC. The correlation between LDH and prognosis of metastatic NSCLC was also demonstrated.
Materials and methods Participants
We retrospectively reviewed newly diagnosed stage IV NSCLC patients in West China Hospital from March 2007 to December 2013. The inclusion criteria included the following: 1) pathologically confirmed NSCLC; 2) clinically diagnosed metastasis; 3) serum ALB and ALP measured at diagnosis; and 4) follow-up data were available. Patients with a history of a second primary malignancy, detectable infections, and known liver or renal or bone diseases were excluded from the study. In total, 290 NSCLC patients who met the inclusion criteria were eventually enrolled in the study. The West China Hospital Research Ethics Committee approved the study and signed informed consent from patients was waived because of the retrospective nature of the analysis. All patient data were treated with confidentiality, in accordance with the Declaration of Helsinki.
Clinical and follow-up data
We collected baseline and clinical characteristics of patients from the hospital medical system, including age, gender, smoking history, histology type, metastatic characteristics, and medication. Patients who had smoked fewer than 100 cigarettes in their lifetime were defined as non-smokers. Histology type was identified based on the WHO criteria established in 2004. 22 Tumor stage was defined according to the seventh edition of the TNM classification. 23 Furthermore, pretreatment laboratory data covering ALB, ALP, and LDH were extracted. The AAPR was calculated by dividing the serum ALB by the serum ALP level.
The primary outcome of the study was patients dead of lung cancer. Time from diagnosis to death was measured as overall survival (OS). We obtained survival information by interviewing patients on the telephone or by checking medical records. The last follow-up was in October 2017.
Statistical analysis
The optimal cut-off values for the AAPR and LDH levels were determined using a biostatistical tool 
Results

Clinical characteristics of patients
Overall, 290 patients were involved in the study and their clinical characteristics are summarized in Table 1 metastasis. In addition, more than half of the patients (196; 67.6%) had received some form of systemic therapy, whereas the remaining patients (94; 32.4%) had not. Using Cutoff Finder, an R-software engineered web-based system, we identified that the optimal cut-off values for AAPR and LDH were 0.36 and 265.5 U/L, respectively ( Figure 1) . Thus, 201 patients (69.3%) with AAPR >0.36 were categorized into the high AAPR group and the other 89 patients (30.7%) with AAPR ≤0.36 into the low AAPR group. When dividing the patients by level of LDH, 234 patients (80.7%) had LDH >265.5 U/L and 56 (19.3%) had LDH ≤265.5 U/L.
The distribution of clinical characteristics between the AAPR ≤0.36 and AAPR >0.36 groups is depicted in Table 1 . Patients with elevated AAPR were more likely be those who harbored two or fewer metastasis sites, had undergone systemic therapy, had no liver/bone metastasis, and had LDH ≤265.5 U/L (all P<0.05). However, no significant differences were found regarding age, gender, smoking status, and tumor histology type between the two groups (all P>0.05).
A comparison of serum AAPR, ALP, LDH, and ALB levels in NSCLC patients with or without liver/bone metastasis is shown in Table 2 . The results revealed that patients without liver/bone metastasis had higher AAPR and lower ALP than those with liver/bone metastasis (0.47 vs 0.40, P<0.001; 80.17 vs 95.40 U/L, P<0.001, respectively), while LDH and ALB levels in these two groups were not significantly different (both P>0.05).
Kaplan-Meier survival analysis of AAPR for OS
The median follow-up time of the 290 NSCLC patients was 16 months (range: 1-84 months). Altogether, 277 patients died during the follow-up period. A difference in prognosis was apparent between patients in the high AAPR group and patients in the low APPR group (13 months vs 7 months, P<0.001) (Figure 2A) . Later, stratified analyses were conducted. No significant difference was found in patients with current/past smoking divided by level of AAPR (P>0.05) ( Figure 2B ), while in patients without smoking history, those with high AAPR showed significantly better survival than those with low AAPR (P<0.001) ( Figure 2C) . A similar survival trend was observed when patients were stratified into adenocarcinoma (P<0.001) ( Figure 2D ), but not in nonadenocarcinoma (P>0.05) ( Figure 2E ). Furthermore, we analyzed the relationship between AAPR and OS in patients with two or fewer metastasis sites and those with more than two, patients with and those without systemic therapy, and patients with and those without liver/bone metastasis, respectively. All of the results indicated that patients with elevated AAPR survived longer (all P<0.05) ( Figure S1 ).
Univariate and multivariate analyses for OS
APPR level, LDH level, and systemic therapy were found to be significantly correlated with OS of metastatic NSCLC patients in univariate analysis (all P<0.001), while age, gender, smoking status, and tumor histology type were not (all P>0.05). In particular, the association between number of metastatic sites at diagnosis and OS was at the very edge of significance (P=0.053). Four variables with a P-value less than 0.2 in univariate analysis were enrolled in multivariate analysis. The result revealed that AAPR was an independent Figure 1 Hazard ratios for overall survival independent of cut-off point for (A) albumin-to-alkaline phosphatase ratio (AAPR) and (B) lactate dehydrogenase (LDH) in patients with metastatic non-small-cell lung cancer. The vertical line shows the optimal cut-off point with the most significant split (log-rank test). The plots were generated using Cutoff Finder. (Table 3) , and their Kaplan-Meier survival curves are shown in Figure 3 . 
Discussion
The main aim of the present retrospective study was to elucidate the associations between the AAPR and survival in patients with metastatic NSCLC. We found that elevated AAPR was correlated with longer survival in metastatic NSCLC patients, especially for patients who were nonsmokers and had confirmed adenocarcinoma. Later, we identified AAPR as an independent favorable prognostic indicator for metastatic NSCLC in multivariate analysis. We also proved that LDH had a prognostic effect in metastatic NSCLC patients. By multivariate analysis, the high AAPR group was found to be independently related to better survival in metastatic NSCLC. The novel APPR index, calculated from two routine blood parameters, namely ALB and ALP, was first derived in a cohort of hepatocellular carcinoma patients receiving curative surgery, where Chan et al identified that a lower AAPR level increased the risk of early death 3.3-fold and the risk of tumor relapse 2.3-fold. 20 A later study retrospectively reviewed 209 metastatic nasopharyngeal carcinoma patients treated with cisplatin-based regimens, and found that higher AAPR indicated longer OS and progression-free survival compared with lower AAPR (24.3 months vs 17.3 months, 8.4 months vs 5.9 months, respectively).
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All of these results were consistent with our findings. We also conducted subanalyses stratified by clinical characteristics, considering that some of the baseline characteristics were uneven between the AAPR >0.36 and AAPR ≤0.36 groups. When it comes to subanalyses divided by smoking status and tumor histology types, the discriminatory power of AAPR for OS stayed strong in patients who were non-smokers and had adenocarcinomas, while, in contrast, it became insignificant in those who were smokers and nonadenocarcinoma patients. This result may be explained by the fact that adenocarcinoma was a predominant histological type among lung cancer in non-smokers, while distant metastases such as bone or liver metastases developed earlier and were more prevalent among adenocarcinomas compared to non-adenocarcinomas. 25 During subanalyses among patients with two or fewer metastasis sites and those with more than two, patients with or without systemic therapy, and those with absent or existing liver/bone metastasis, we found that the tendency remained unchanged, which demonstrates that the AAPR predicted prognosis independently of therapies, number of metastatic sites, and liver/bone metastatic status at diagnosis.
Moreover, in multivariate analysis, we found that having two or fewer metastatic sites, the presence of systemic therapy, and low LDH level were significant related to better survival. Although it is generally acknowledged that the first two conditions predict longer survival than those harboring more than metastatic sites and without systemic therapy, they are not as cheap and convenient as AAPR in predicting prognosis. Regarding LDH, we validated its prognostic value for survival, as indicated in previous studies. 10, 11 AAPR and LDH could supplement each other in clinical application.
There are several shortcomings of our study. First, as this was a retrospective and single-center study, multicenter and well-designed prospective studies are needed to validate our findings. Second, although we excluded patients with known liver, renal, and bone diseases to restrict confounding factors, patients with undiscovered liver, renal, or bone diseases could have been mistakenly enrolled in the study. Third, there should be little difference between AAPRs of 0.35 and 0.37, but they fell on the side of high risk and low risk, respectively, based on the current study, owing to our transforming AAPR into a dichotomous variable when it was actually a continuous one. Moreover, the optimal cut-off value for AAPR requires external validation. Fourth, the mutation status of genes, eg, EGFR, KROS, and EML4-ALK, and performance status of patients were unknown owing to information loss or unavailable data. Further studies are required to assess correlations between AAPR level and specific gene mutations, and to explore the prognostic impact of the AAPR in NSCLC treated with targeted therapy. Finally, whether dynamic changes in AAPR could be applied to monitor cancer progression and response to therapy in NSCLC remains to be solved in future research.
Conclusion
AAPR, a simple, inexpensive, and easily gained biomarker-based index, can be an independent predictor for OS in metastatic NSCLC. Further large-scale prospective studies are needed to validate and expand our findings.
Supplementary material
OncoTargets and Therapy
Dovepress
Publish your work in this journal
OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/ testimonials.php to read real quotes from published authors. Kaplan-Meier curves of overall survival according to albumin-to-alkaline phosphatase ratio (AAPR) level in patients (A) with two or fewer metastasis sites, (B) with more than two metastasis sites, (C) with systemic therapy, (D) without systemic therapy, (E) with liver/bone metastasis, and (F) without liver/bone metastasis.
